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IMAGE SIGNAL PROCESSING APPARATUS,
IMAGE SIGNAL PROCESSING METHOD,
AND IMAGE CAPTURING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the Japanese Patent Application
No. 2014-031374 filed Feb. 21, 2014, which is incorporated
herein by reference in its entirety.

BACKGROUND

The present invention relates to an image signal processing
apparatus, an image signal processing method, and an image
capturing apparatus.

As background art of the present invention, there is a pub-
lication, for example, Japanese Unexamined Patent Applica-
tion Publication No. 2010-147969. In the publication, the
following technique is disclosed: with the aim of “providing
an image correction processing circuit that can perform suit-
able image correction processing on an input image and gen-
erate a desired output image”, the technique “includes an
image correction unit 11 that performs predefined image cor-
rection processing on an input image and generates an output
image; an arithmetic unit 12 that obtains a luminance histo-
gram for each field of the input image and calculates any two
values or all three values of an average luminance value, a
standard deviation value, and an intermediate value of the
histogram; and a correction control unit 13 that determines
whether or not image correction processing on the input
image is required and an amount of correction, based on any
two values or all three values of an average luminance value,
a standard deviation value, and an intermediate value of the
luminance histogram calculated by the arithmetic unit 12, and
performs control of the image correction unit 11.

SUMMARY

In the foregoing technique disclosed in Japanese Unexam-
ined Patent Application Publication No. 2010-147969, image
correction is implemented such that its strength increases in
proportion to a decrease in object’s gradation because of fog.
Consequently, the following problems are posed: applying
correction to an object image even in a scene where the
object’s gradation is almost lost due to a very dense fog
produces a negative effect in which noise components are
enhanced, even though the correction produces almost no
effect of visibility enhancement; and expansion of image
signals of an object lacking in gradation produces a negative
effect in which a luminance level difference becomes notice-
able. Similar problems also arise when large correction
strength is applied to blocked up shadows in dark parts of an
image or blown out highlights in bright parts.

One aspect of the present invention to solve the above
problems resides in an image signal processing apparatus
including an image signal input unit to which image signals
are input; a gradation decrease evaluation unit that calculates
a gradation decrease evaluated value for evaluating a degree
of gradation decrease with respect to an object which is
included in the image signals from the image signal input
unit; a gradation loss evaluation unit that calculates a grada-
tion loss evaluated value for evaluating a degree of gradation
loss with respect to an object which is included in the image
signals; an image signal correction unit that performs signal
level correction processing on the input image signals and
outputs image signals whose levels have been corrected; and

10

15

20

25

30

35

40

45

50

55

60

65

2

an image signal correction control unit that controls correc-
tion strength of image signal correction processing that is
executed by the image signal correction unit, using both the
gradation decrease evaluated value which is output by the
gradation decrease evaluation unit and the gradation loss
evaluated value which is output by the gradation loss evalu-
ation unit. The image signal correction control unit performs
control to decrease the correction strength, if having deter-
mined that the gradation decrease evaluated value is small,
and to decrease the correction strength, if having determined
that the gradation loss evaluated value is large.

According to the present invention, evaluating whether or
not correction is required and how much correction is effec-
tive and controlling correction strength of image correction
are performed. Thereby, it is possible to prevent degradation
in image quality such as noise enhancement not only under a
good photographing environment not requiring correction,
but also under a poor photographing environment where cor-
rection is not effective.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram depicting a configuration
example of an image signal processing apparatus pertaining
to a first embodiment of the present invention;

FIG. 2 is a diagram representing an example of signal level
correction processing pertaining to the first embodiment of
the present invention;

FIG. 3A is a diagram representing examples of gradation
decrease evaluated values which are output by a gradation
decrease evaluation unit 103 and examples of gradation loss
evaluated values which are output by a gradation loss evalu-
ation unit 104, pertaining to the first embodiment of the
present invention;

FIG. 3R is a diagram representing an example of signal
level correction strength parameter control processing based
on a gradation decrease evaluated value, pertaining to the first
embodiment of the present invention;

FIG. 3C is a diagram representing an example of signal
level correction strength parameter control processing based
on a gradation loss evaluated value, pertaining to the first
embodiment of the present invention;

FIG. 3D is a diagram representing an example of a charac-
teristic of final signal level correction strength parameter
control, pertaining to the first embodiment of the present
invention;

FIG. 3E is a first diagram representing an example of a
result of final signal level correction strength parameter con-
trol, pertaining to the first embodiment of the present inven-
tion;

FIG. 3F is a second diagram representing an example of a
result of final signal level correction strength parameter con-
trol, pertaining to the first embodiment of the present inven-
tion;

FIG. 3G is a third diagram representing an example of a
result of final signal level correction strength parameter con-
trol, pertaining to the first embodiment of the present inven-
tion;

FIG. 4 is a diagram representing an example of signal level
correction processing pertaining to a second embodiment of
the present invention;

FIG. 5A is a first diagram representing an example of a
gradation decrease evaluated value which is output by the
gradation decrease evaluation unit 103 and an example of a
gradation loss evaluated value which is output by the grada-
tion loss evaluation unit 104, pertaining to the second
embodiment of the present invention;
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FIG. 5B is a diagram representing an example of signal
level correction strength parameter control processing based
on a gradation decrease evaluated value, pertaining to the
second embodiment of the present invention;

FIG. 5C is a diagram representing an example of signal
level correction strength parameter control processing based
on a gradation loss evaluated value, pertaining to the second
embodiment of the present invention;

FIG. 5D is a diagram representing an example of a charac-
teristic of final signal level correction strength parameter
control, pertaining to the second embodiment of the present
invention;

FIG. 5E is afirst diagram representing an example of signal
level correction strength parameter control in a foggy scene,
pertaining to the second embodiment of the present invention;

FIG. 5F is a diagram representing an example of a result of
signal level correction strength parameter control in a foggy
scene, pertaining to the second embodiment of the present
invention;

FIG. 6A is a second diagram representing an example of a
gradation decrease evaluated value which is output by the
gradation decrease evaluation unit 103 and an example of a
gradation loss evaluated value which is output by the grada-
tion loss evaluation unit 104, pertaining to the second
embodiment of the present invention;

FIG. 6B is a second diagram representing an example of
signal level correction strength parameter control in a foggy
scene, pertaining to the second embodiment of the present
invention;

FIG. 7 is a schematic diagram depicting a configuration
example of an image capturing apparatus pertaining to a third
embodiment of the present invention; and

FIG. 8 is a diagram illustrating an example of processing
sequence regarding exposure control in the image capturing
apparatus pertaining to the third embodiment of the present
invention.

DETAILED DESCRIPTION

Inthe following, embodiments of the present invention will
be described with the aid of the drawings.

First Embodiment

FIG. 1 is a schematic diagram depicting a configuration
example of an image signal processing apparatus 1 pertaining
to a first embodiment of the present invention. In FIG. 1, the
image signal processing apparatus 1 includes the following
processing units: an image signal input unit 101, an image
signal correction unit 102, gradation decrease evaluation unit
103, a gradation loss evaluation unit 104, and an image signal
correction control unit 105. Besides, the image signal pro-
cessing apparatus 1 can be configured to have, e.g., a CPU
(Central Processing Unit) 110, a memory 120, and an input/
output interface (I/O interface) 130, as underlying hardware
for the above processing units. For example, a program for
implementing the respective processing units, which is stored
in the memory 120, is executed by the CPU 110, and correc-
tion processing on image signals which are input through the
1/0 interface 130 can be performed accordingly.

In the image signal processing apparatus 1 depicted in FIG.
1, image signals are input to the image signal input unit 101
from image capturing equipment, video equipment, or an
image recording medium which is connected to the apparatus
via a capture board connected to a video cable or a LAN
(Local Area Network) or USB (Universal Serial Bus), etc.
Alternatively, the image signal input unit 101 may be pro-

20

25

40

45

60

4

vided with lenses, an image pickup device, and an A/D con-
verter and adapted to generate image signals by performing
an image capturing operation.

The image signal correction unit 102 corrects signal levels
which are signal values per pixel of image signals which have
been input from the image signal input unit 101, based on a
predefined input-output characteristic and a correction
strength parameter, and generates an output signal. Correc-
tion processing of signal levels includes gradation correction
processing such as correcting a black signal due to underex-
posure in a backlight condition, fog or haze correction, and
wide dynamic range processing. As predefined input-output
characteristics, such characteristics are prepared in a form
such as a lookup table or function expression so that signals
are expanded in a desired brightness level according to pur-
pose, e.g., in a dark part in the case of underexposure, in an
intermediate luminance part in the case of fog or haze correc-
tion, and in both dark and bright parts in a wide dynamic range
scene. By correcting signal levels based on the appropriate
input-output characteristic, it is possible to expand gradation.
Additionally, by correcting the above input-output character-
istic by use of a correction strength parameter obtained by an
image signal correction control unit 105 which will be
described later, it is possible to control whether or not correc-
tion should be applied and whether to strengthen or weaken
correction. It may be arranged that a plurality of lookup
tables, function expressions, and correction strength param-
eters can be used so that correction can be made with different
input-output characteristics for different areas of an image or
different brightness levels of an object. For example, image
signals to be input are separated into low frequency compo-
nents and high frequency components in a preprocessing
phase. The correction unit regards the low frequency compo-
nents as brightness information, determines what level of
brightness of an object including pixels of interest, and
applies different signal level correction processing to an
object existing in a dark part and an object existing in a bright
part. In this way, it is possible to perform an optimum grada-
tion correction for each object. Further, the correction unit
may be adapted to perform signal level correction processing
using different input-output characteristics for different areas
in an image signal, so that it can perform optimum correction
for each object in the image.

The gradation decrease evaluation unit 103 evaluates
whether or not a decrease in object’s gradation occurs due to
a cause such as underexposure or fog and calculates it as a
gradation decrease evaluated value, based on characteristic
quantity such as histogram data which is obtained from image
signals input from the image signal input unit 101, and out-
puts the evaluated value to the image signal correction control
unit 105.

The gradation loss evaluation unit 104 evaluates whether or
not object’s gradation is completely lost, affected to a very
large degree by underexposure, fog, or the like and calculates
it as a gradation loss evaluated value, based on characteristic
quantity such as histogram data which is obtained from image
signals input from the image signal input unit 101, and out-
puts the evaluated, value to the image signal correction con-
trol unit 105. An example of a calculation method for the
gradation decrease evaluated value and the gradation loss
evaluated value will be detailed by way of FIG. 3.

The image signal correction control unit 105 obtains a
gradation decrease evaluated value from the gradation
decrease evaluation unit 103 and a gradation loss evaluated
value from the gradation loss evaluation unit 104 respectively,
determines whether or not signal level correction processing
is required according to the magnitude of the gradation
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decrease evaluated value, and determines whether or not sig-
nal level correction processing is effective according to the
magnitude of the gradation loss evaluated value. The image
signal correction control unit 105 controls the correction
strength parameter so that correction strength will become
large if the gradation decrease evaluated value is large and the
gradation loss evaluated value is small, and outputs this
parameter to the image signal correction unit 102. Using this
correction strength parameter, the image signal correction
unit 102 performs signal level correction processing, so that
correction is applied only when correction is required and
correction is sufficiently effective. Accordingly, image cor-
rection is deactivated for a scene photographed in good con-
dition at high contrast and not requiring correction and, in an
opposite case, itis possible to prevent a negative effect such as
noise enhancement due to overcorrection for a scene photo-
graphed in bad condition for which no effect is produced by
correction.

While the description of the image signal processing appa-
ratus 1 depicted in FIG. 1 focuses on the processing units
which directly relate to the present invention, other important
processing tasks such as high-quality image processing, sig-
nal format conversion, and compression/expansion may be
performed before, after, or during each process.

The respective processes (processing units) constituting
the image signal processing apparatus 1 depicted in FIG. 1 are
implemented by applications which are run by the CPU, as
illustrated, if a personal computer is used. If embedded
devices are used, these processes can be implemented by a
microcomputer, DSP, application-specific LSI, etc. For opti-
mizing cost and performance, signal processing such as
obtaining histogram data and signal level correction process-
ing may be implemented by DSP and application-specific
LSI, whereas control processing such as gradation decrease
evaluation, gradation loss evaluation, and controlling the cor-
rection strength parameter may be implemented by a micro-
computer.

FIG. 2 is a diagram representing an example of signal level
correction processing pertaining to the first embodiment of
the present invention. In the present embodiment, signal level
correction processing is executed by the image signal correc-
tion unit 102. FIG. 2 represents an example of correction
processing in a case where object’s gradation has decreased
due to underexposure in a backlight condition, illuminated by
the headlights of an oncoming car at night.

In the example of signal level correction processing repre-
sented in FIG. 2, the image signal correction unit 102 pre-
liminarily holds input-output characteristics to provide cor-
rection characteristics that differ for a dark part and a bright
part and applies the appropriate input-output characteristic
depending on whether pixels of interest exist in a dark part or
a bright part. Determining whether pixels of interest exist in a
dark part or a bright part can be made, for example, by
calculating low frequency components of luminance signals
according to an average value of luminance for a local area
including the pixels of interest and performing threshold pro-
cessing on the calculated low frequency components. If the
pixels of interest exist in a dark part, it is possible to improve
the visibility of an object appearing to be blocked up shadows
by raising their signal level. If the pixels of interest exist in a
bright part, it is possible to improve the visibility of an object
appearing to be blown out highlights by lowering their signal
level. Further, correction is made of the input-output charac-
teristics of a dark part and of a bright part depending on the
correction strength parameter. If the correction strength
parameter is small, it is possible to weaken the correction by
approximation to an input-output characteristic in which
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input and output match. In this way, adaptive gradation cor-
rection depending on the brightness of an object makes it
possible to improve the visibility in an area of blocked up
shadows and an area of blown out highlights. By giving the
correction strength parameter as an input, it would become
possible to control whether or not correction should be
applied and whether to strengthen or weaken correction as
necessary.

FIGS. 3A to 3G are diagrams representing examples of
signal level correction strength parameter control processing
pertaining to the first embodiment of the present invention. In
the present invention, signal level correction strength param-
eter control processing is executed by the image signal cor-
rection control unit 105. FIG. 3A is a diagram representing
examples of gradation decrease evaluated values which are
output by the gradation decrease evaluation unit 103 and
examples of gradation loss evaluated values which are output
by the gradation loss evaluation unit 104. FIG. 3B is a dia-
gram representing an example of signal level correction
strength parameter control processing based on a gradation
decrease evaluated value. FIG. 3C is a diagram representing
an example of signal level correction strength parameter con-
trol processing based on a gradation loss evaluated value.
FIG. 3D is a diagram representing an example of a character-
istic of final signal level correction strength parameter con-
trol. FIG. 3E is a first diagram representing an example of a
result of final signal level correction strength parameter con-
trol. FIG. 3F is a second diagram representing an example of
a result of final signal level correction strength parameter
control. FIG. 3G is a third diagram representing an example
of a result of final signal level correction strength parameter
control. InFIG. 3E, reference numeral 3011 denotes an image
in scene A before signal level correction processing and ref-
erence numeral 301_2 denotes an image in scene A after
signal level correction processing. In FIG. 3F, reference
numeral 302_1 denotes an image in scene B before signal
level correction processing and reference numeral 302_2
denotes an image in scene B after signal level correction
processing. In FIG. 3G, reference numeral 303_1 denotes an
image in scene C before signal level correction processing
and reference numeral 303_2 denotes an image in scene C
after signal level correction processing.

As is represented in FIG. 3 A, the gradation decrease evalu-
ation unit 103 and the gradation loss evaluation unit 104
calculate gradation decrease evaluated values and gradation
loss evaluated values from histogram data of image signals
which have been input from the image signal input unit 101.
The gradation decrease evaluation unit 103 calculates the
number of pixels N1 whose luminance is smaller than a
predefined threshold th_d1 as a dark part’s gradation decrease
evaluated value. The threshold th_d1 is set beforehand to,
e.g., an upper limit of a luminance range in which a large
correction effect is produced by signal level correction pro-
cessing with an input-output characteristic for a dark part.
Accordingly, a larger N1 value is obtained, the more objects
exist that are estimated to have decreased gradation, affected
by blocked up shadows. Likewise, the gradation decrease
evaluation unit 103 calculates the number of pixels M1 whose
luminance is larger than a predefined threshold th_11 which
has been set to a lower limit of a luminance range in which a
large correction effect is produced with an input-output char-
acteristic for a bright part as a bright part’s gradation decrease
evaluated value. Accordingly, a larger M1 value is obtained as
more objects exist that are estimated to have decreased gra-
dation, affected by blown out highlights. Additionally, by
dividing by N1 the number of pixels N2 whose luminance is
smaller than a predefined threshold th_d2 which has been set
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to a lower luminance value than the threshold th_d1, the
gradation loss evaluation unit 104 calculates a ratio N2/N1 as
a dark part’s gradation loss evaluated value. The threshold
th_d2is set beforehand, e.g., on the basis of a noise level near
black in image signals which are input. Accordingly, N2/N1
approximates to 1 and becomes larger as object’s gradation is
lost more completely since noise only exists in an image when
blocked up shadows become very intense and the loss of
gradation of an object occurs. Likewise, by dividing by M1
the number of pixels M2 whose luminance is larger than a
predefined threshold th_12 which has been set on the basis of
anoise level near white, the gradation loss evaluation unit 104
calculates a ration M2/M1 as a bright part’s gradation loss
evaluated value. Accordingly, M2/M1 approximates to 1 and
becomes larger, as blown out highlights become very intense
and object’s gradation is lost more completely. While the
above ratio N2/N1 is used in the present embodiment for
evaluating a degree of gradation loss for a dark part by bias of
the dark part in signal distribution, it is not necessary to follow
this. For example, for pixels whose luminance is smaller than
th_d1, acalculation may be made of, inter aria, dispersion and
standard deviation of their luminance values or a total sum of
values of differences between adjacent pixels, namely, edge
quantities, as a characteristic quantity. If the calculated char-
acteristic quantity is lower, gradation loss may be judgedto be
larger and a larger gradation loss evaluated value may be
output. A suitable characteristic quantity may be selected,
taking account of the amount of calculation and the effective-
ness of results of evaluation.

As is represented in FIG. 3B, the image signal correction
control unit 105 determines a first correction strength coeffi-
cient S_d1 so that the correction strength parameter for a dark
part will become larger as the dark part’s gradation decrease
evaluated value N1 becomes larger. Accordingly, the correc-
tion strength parameter becomes small in a scene where there
is sufficient gradation of an object without blocked up shad-
ows and it can be prevented that an image becomes rather
constrained by performing unnecessary correction. Further,
as is represented in FIG. 3C, the image signal correction
control unit 105 determines a second correction strength
coefficient S_d2 so that the correction strength parameter for
a dark part will become smaller as the dark part’s gradation
loss evaluated value N2/N1 becomes larger. Accordingly, the
correction strength parameter becomes small in a scene
where blocked up shadows are intense and object’s gradation
is considered to be lost completely and it is possible to prevent
a negative effect that noise is only enhanced while no correc-
tion effect is produced.

As is represented in FI1G. 3D, a final signal level correction
strength parameter control characteristic is obtained by mul-
tiplication of the first correction strength coefficient S_d1 and
the second correction strength coefficient S_d2. Accordingly,
the correction is weakened for both a scene without blocked
up shadows, not requiring correction, and a scene with intense
blocked up shadows for which correction is not effective, and
it can be prevented that a negative effect is produced by
correction. For example, scene A presented in FIG. 3E rep-
resents a scene during daylight or the like, where there are no
blocked up shadows and correction is not required. Thus, in
an image as denoted by 301_1, a dark part has sufficient
gradation at a stage prior to correction. In this case, because
the gradation decrease evaluated value N1 becomes small, the
first correction strength coefficient S_d1 is also small and the
final correction strength parameter is small. Thus, the correc-
tion strength is weakened in an image as denoted by 301_2
and it can be prevented that negative effects, i.e., blown out
highlights appearing in the image and enhanced noise, are
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produced by executing the correction despite the fact that
there is no object affected by blocked up shadows.

Scene B presented in FIG. 3F represents a scene where
blocked up shadows occur due to underexposure in a back-
light condition, illuminated by the headlights of an oncoming
car. Thus, in an image as denoted by 302_1, the lack of
gradation in a dark part degrades visibility at a stage prior to
correction. In this case, because the gradation decrease evalu-
ated value N1 is large and the gradation loss evaluated value
N2/N1 is small, both the first correction strength coefficient
S_d1 and the second correction strength coefficient S_d2
become large and the final correction strength parameter is
also large. Thus, in an image as denoted by 302_2, signal level
correction for the dark part is strengthened to properly correct
the object affected by blocked up shadows and a visibility
improving effect is obtained.

Scene C presented in FIG. 3G represents a scene where a
very high illumination of the headlights of an oncoming car
makes underexposure worse than in scene B and blocked up
shadows have become very intense. Thus, in an image as
denoted by 303_1, gradation in a dark part is lost completely
and noise components only exist in signals at a stage prior to
correction. In this case, because the gradation loss evaluated
value N2/N1 becomes large, the second correction strength
coefficient S_d2 is small and the final correction strength
parameter is small. Thus, in an image as denoted by 303_2,
the correction is weakened and it is possible to prevent a
negative effect in which noise is only enhanced without
improvement in the visibility of the object.

While the foregoing description with FIGS. 3B to 3D has
focused on controlling the correction strength parameter
when signal level correction processing is applied to a dark
part, similar processing using the bright part’s gradation
decrease evaluated value M1 and gradation loss evaluated
value M2/M1 is also performed for controlling the correction
strength parameter when signal level correction processing is
applied to a bright part. Control can be implemented to vary
the correction strength depending on whether or not an object
is affected by blown out highlights and the intensiveness of
blown out highlights, independently of a condition of blocked
up shadows. For example, in scene B presented in FIG. 3F and
scene C presented in FIG. 3G, there are differing degrees of
blocked up shadows in the dark part, whereas blown out
highlights in a bright part are comparable in degree. Thus,
signal level correction processing with a same level of cor-
rection strength is executed for the bright part separately from
whether or not signal level correction is executed for the dark
part. In this way, it is possible to control the correction
strength using an evaluated value suitable for the brightness
of'each object.

When executing correction strength parameter control pro-
cessing for the foregoing signal level correction processing, it
is possible to calculate a gradation decrease evaluated value
and a gradation loss evaluated value using common histo-
gram data and implementation at low cost is feasible. Because
information of image signals which have been input is only
used, an additional advantage is that a result of correction
does not influence each evaluated value and stable control can
be implemented.

According to the present embodiment as above, by con-
trolling the correction strength depending on whether or not
correction is required due to blocked up shadows and blown
out highlights among others and whether or not correction is
effective, an automatic selection is made of the visibility
improving effect for a scene where a large correction eftect is
produced and control with priority given to image quality for
other scenes and an optimum effect that is adaptive to scenes
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can be implemented at low cost. The image signal processing
apparatus 1 of the present embodiment can take input of
image signals captured by various kinds of cameras for con-
sumer use and industrial use including in-vehicle cameras
connected to a drive recorder, in-vehicle monitor, etc. and
security cameras which are installed in a particular facility
and along streets, among others, and can perform correction
processing on the image signals. In this case, the image signal
processing apparatus 1 of the present embodiment may be
embedded in various kinds of cameras or may be configured
as a separate image processing device product. Further, the
functions of the image signal processing apparatus 1 of the
present embodiment may be configured as an application
program that is implemented on a computer, so that correction
processing on image data taken in the computer such as a
personal computer can be executed by the computer.

Second Embodiment

Next, a second embodiment of the present invention is
described. The present embodiment is an example where the
present invention is applied to foggy image correction pro-
cessing. A configuration of the present embodiment is the
same as depicted in the first schematic diagram (FIG. 1)
which depicts the image signal processing apparatus 1 per-
taining to the first embodiment of the present invention. A
different effect is produced by signal level correction process-
ing in the image signal correction unit 102 and correction
strength parameter control processing for signal level correc-
tion processing in the image signal correction control unit
105.

FIG. 4 is a diagram representing an example of signal level
correction processing pertaining to the second embodiment
of the present invention. In the present embodiment, signal
level correction processing is executed by the image signal
correction unit 102. FIG. 4 is an example of correction pro-
cessing in a case where object’s gradation decreased due to
fog coming about.

In the example of signal level correction processing repre-
sented in FIG. 4, the image signal correction unit 102 is
configured to preliminarily hold input-output characteristics
to provide correction characteristics of expanding signals in
an intermediate luminance part. As is well known, object’s
gradation, when affected by fog, converges to approximate to
a given level of luminance, but how signals converge differs
depending on fog conditions and exposure conditions. Now,
determining what range of luminance to expand in an inter-
mediate luminance part can be made by detecting the maxi-
mum and minimum values of luminance in a local area
including pixels of interest. A plurality of input-output char-
acteristics are prepared beforehand in lookup tables or func-
tion expressions. With respect to the maximum and minimum
values of luminance in a local area including pixels of inter-
est, a selection is made of an input-output characteristic to
make the maximum value of luminance larger and the mini-
mum value of luminance smaller. By making such selection
for each area, it would become possible to perform gradation
expansion processing depending on the density of fog for
each area. Further, correction is made of the input-output
characteristic calculated for each local area depending on the
correction strength parameter. If the correction strength
parameter is small, it is possible to weaken the correction by
approximation to an input-output characteristic in which
input and output match. In this way, adaptive gradation cor-
rection depending on the density of fog for each area makes it
possible to improve the visibility in a foggy scene. By giving
the correction strength parameter as an input, it would
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become possible to control whether or not correction should
be applied and whether to strengthen or weaken correction as
necessary.

FIGS. 5A to 5F are first diagrams representing examples of
signal level correction strength parameter control processing
pertaining to the second embodiment of the present invention.
In the present embodiment, signal level correction strength
parameter control processing is executed by the image signal
correction control unit 105. FIG. 5A is a first diagram repre-
senting an example of a gradation decrease evaluated value
which is output by the gradation decrease evaluation unit 103
and an example of a gradation loss evaluated value which is
output by the gradation loss evaluation unit 104. FIG. 5B is a
diagram representing an example of signal level correction
strength parameter control processing based on a gradation
decrease evaluated value. FI1G. 5C is a diagram representing
an example of signal level correction strength parameter con-
trol processing based on a gradation loss evaluated value.
FIG. 5D is a diagram representing an example of a character-
istic of final signal level correction strength parameter con-
trol. FIG. 5E is a first diagram representing an example of
signal level correction strength parameter control in a foggy
scene. FIG. 5F is a diagram representing an example of a
result of signal level correction strength parameter control in
a foggy scene.

As is represented in FIG. 5A, the gradation decrease evalu-
ation unit 103 and the gradation loss evaluation unit 104
calculate a gradation decrease evaluated value and a gradation
loss evaluated value from histogram data of image signals
which have been input from the image signal input unit 101.
The gradation decrease evaluation unit 103 detects a lumi-
nance range of an object according to a difference between
the maximum value det_fl and the minimum value det_fd of
luminance signals of the object from the histogram data and
calculates a proportion of the luminance range to a signal
range, i.e., a reciprocal of a reduction ratio of contrast as a
gradation decrease evaluated value F1. Accordingly, a larger
F1 value is obtained in proportion to a decrease in the grada-
tion affected by fog. Additionally, in the present embodiment,
the gradation loss evaluation unit 104 calculates a character-
istic quantity like F1 as a gradation loss evaluated value F2.

As is represented in FIG. 5B, the image signal correction
control unit 105 determines a first correction strength coeffi-
cient S_f1 so that the correction strength parameter for a dark
part will become larger as the dark part’s gradation decrease
evaluated value F1 becomes larger. As is represented in FIG.
5C, the image signal correction control unit 105 determines a
second correction strength coefficient S_f2 so that the correc-
tion strength parameter for a dark part will become smaller as
the dark part’s gradation loss evaluated value F2 becomes
larger. In this regard, a gradation decrease evaluated value
F1_pnt when S_{1 has reached a maximum limit corresponds
to a maximum expansion ratio in expanding gradation by
foggy image correction. Now, given that a maximum expan-
sion ratio of gradation is set to, e.g., a factor of 10 in a noise
enhancement permissible range, F1_pnt should be set to 10.
Further, a gradation loss evaluated value F2_pnt when S_f2
begins to decrease should be determined on the basis of a
noise level in an intermediate luminance part, taking account
of the fact that noise is only distributed on a histogram when
gradation has been lost completely. In this regard, however,
the gradation loss evaluated value F2_pnt when S_{2 begins
to decrease should be set larger than the gradation decrease
evaluated value F1_pnt when S_{1 has reached the maximum
limit; F2_pnt>F1_pnt.

As is represented in FIG. 5D, a final signal level correction
strength parameter control characteristic is to be obtained by
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multiplication of the first correction strength coefficient S_f1
and the second correction strength coefficient S_f2. In a light
fog situation, when the gradation decrease evaluated value F1
and the gradation loss evaluated value F2 are sufficiently
small than F1_pnt, that is, both F1 and F2 are small, then,
S_f1 is small and thus the final correction strength parameter
becomes small. On the other hand, in a dense fog situation,
the final correction strength parameter gradually increases as
F1 and F2 become larger, and F1 and F2 fall between F1_pnt
and F2_pnt. That is, when both F1 and F2 are moderate, both
S_f1 and S_1f2 become maximal and thus the final correction
strength parameter also becomes maximal. In a situation
where fog becomes denser, F1 and F2 become larger values
and S_f2 decreases and, accordingly, the final correction
strength parameter gradually decreases. Thereby, it is pos-
sible to prevent a negative effect from being produced by
correction in both a scene without fog, not requiring correc-
tion, and a scene with a very dense fog for which correction is
not effective. By controlling the correction strength in this
way for each area of a screen, it would become possible to
implement control taking account of the fact that fog difter-
ently affects different areas of the screen.

For example, FIG. 5E illustrates a scene where objects
exist at different distances from a camera, in which an image
in a screen’s lower part in which distance from the camera to
an object is short is affected to a small degree by fog and an
image in a screen’s upper part in which distance from the
camerato an objectis long is affected to a large degree by fog.
The screen’s lower part where fog is light is an area not
requiring correction, because gradation is obtained suffi-
ciently there. In this case, the gradation decrease evaluated
value F1 and the gradation loss evaluated value F2 are suffi-
ciently smaller than F1_pnt and thus S_f1 becomes small and
the final correction strength parameter becomes small. The
screen’s middle part where an image is foggy is an area where
the lack of gradation degrades visibility. In this case, F1 and
F2 fall between F1_pntand F2_pnt, that is, both F1 and F2 are
moderate, and the gradation decrease evaluated value F1
becomes larger than F1_pntand S_f1 becomes large, whereas
the gradation loss evaluated value F2 is smaller than F2_pnt
and thus S_f2 also becomes large, and the final correction
strength parameter also becomes large. The screen’s upper
part where fog is very dense is an area where gradation is lost
completely and noise components only exist in signals. In this
case, the gradation decrease evaluated value F1 and the gra-
dation loss evaluated value F2 are sufficiently larger than
F2_pnt and thus S_f2 becomes smaller and the final correc-
tion strength parameter becomes small. Accordingly, as is
represented in FIG. 5F, the correction effect is weakened in
the screen’s lower part which is affected to a small degree by
fog and it is possible to prevent a negative effect in which
blown out highlights in a bright part and blocked up shadows
in a dark part occur due to excessively expanding signals in an
intermediate luminance part. The correction effect is
strengthened in the screen’s middle part where an image is
foggy and the visibility improving effect is obtained by
expanding signals in an intermediate luminance part. The
correction effect is weakened in the screen’s upper part where
fog is very dense and it is possible to prevent a negative effect
in which noise is only enhanced without improvement in the
visibility of the object. In this way, it would become possible
to control correction strength to be optimum for each area
depending on whether or not correction is required by pres-
ence or absence of fog and a degree of correction effect
depending on the density of fog.

Next, an example of modification to the second embodi-
ment is described. FIGS. 6 A and 6B are diagrams represent-
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ing an example of signal level correction strength parameter
control processing pertaining to the present modification
example. FIG. 6A is a second diagram representing an
example of a gradation decrease evaluated value which is
output by the gradation decrease evaluation unit 103 and an
example of a gradation loss evaluated value which is output
by the gradation loss evaluation unit 104. FIG. 6B is a second
diagram representing an example of signal level correction
strength parameter control in a foggy scene.

In the example represented in FIG. 6A, instead of F2 as a
gradation loss evaluated value, a ratio [.2/11, i.e., to the
number of pixels L1 existing in a luminance range of an object
between det_fland det_fd, the ratio of the number of pixels 1.2
existing in a predefined luminance range between th_fl and
th_fd which are set between det_fl and det_fd, is calculated as
a gradation loss evaluated value F2'. det_fl and det_fd are set
beforehand on the basis of a noise level near an intermediate
luminance part of image signals which are input. For
example, det_fl and det_fd may be obtained by adding and
subtracting an image’s noise level measured beforehand to
and from the center of a histogram, that is, an average value of
luminance. Accordingly, F2' approximates to 1 and becomes
larger, as object’s gradation is lost more completely, since
noise only exists in an image when object’s gradation is lost
in a very dense fog situation. Considering that noise in an
image is normally distributed, for example, if F2' is larger
than on the order of 0.7, it is conceivable that object’s grada-
tion is lost completely and, probably, noise components only
exist. The use of F2' as a gradation loss evaluated value has
such an advantage as noted below. As is represented in FIG.
6B, in a case where the image of an small object whose
distance from the camera is short and which is affected to a
small decree by fog appeared as disturbance locally in the
screen’s upper part, namely, the area in which distance from
the camera to an object is long and which is affected to a large
degree by fog, and even if an object’s luminance range
between det_f1 and det_fd, widened under the influence of
the disturbance, is detected, it is possible to properly estimate
a degree of gradation loss and weaken correction strength.
The above F2'/F1 is used in the present embodiment for
evaluating a degree of gradation loss is evaluated by bias of
the dark part in signal distribution. However', for example, for
pixels existing between det_fl and det_fd, a calculation may
be made of, inter alia, dispersion and standard deviation of
their luminance values or a total sum of values of differences
between adjacent pixels, namely, edge quantities, as a char-
acteristic quantity. If the calculated characteristic quantity is
lower, gradation loss may be judged to be larger and a larger
gradation loss evaluated value may be output. A suitable
characteristic quantity may be selected, taking account of the
amount of calculation and the effectiveness of results of
evaluation.

According to the present embodiment as above, by con-
trolling the correction strength depending on whether or not
correction is required due to fog density and how much cor-
rection is effective, an automatic selection is made of the
visibility improving effect for a scene where a large correc-
tion effect is produced and control with priority given to
image quality for other scenes, and an optimum effect that is
adaptive to scenes can be implemented at low cost. The image
signal processing apparatus 1 of the second embodiment can
also be used in various forms, as is the case for the first
embodiment.

Third Embodiment

Next, a third embodiment of the present invention is
described. FIG. 7 is a schematic diagram depicting a configu-
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ration example of an image capturing apparatus 10 pertaining
to the third embodiment of the present invention. The image
capturing apparatus 10 in FIG. 7 includes an image capturing
unit 701, an image signal correction unit 702, a gradation
decrease evaluation unit 703, a gradation loss evaluation unit
704, an image signal correction control unit 705, and an
exposure control unit 706. According to the schematic dia-
gram depicting the image capturing apparatus 10 pertaining
to the third embodiment of the present invention, depicted in
FIG. 7, the configuration of the image processing apparatus 1
pertaining to the first embodiment of the present invention,
depicted in FIG. 1, is applied and embedded in the image
capturing apparatus. The image signal correction unit 702,
gradation decrease evaluation unit 703, gradation loss evalu-
ation unit 704, and image signal correction control unit 705
operate in the same way as in the first embodiment. Although
the hardware elements in FIG. 1 are omitted from depiction in
FIG. 7, the respective processing units of the image capturing
apparatus 10 can be implemented by combining hardware
and software appropriately, as is the case for the image pro-
cessing apparatus 1 of the first embodiment.

In the image capturing apparatus 10 depicted in FIG. 7, the
image capturing unit 701 is configured by appropriately using
a set of lenses including a zoom lens and a focus lens, an iris
(diaphragm), a shutter, an image pickup device such as CCD
(Charge Coupled Device) or CMOS. (Complementary Metal-
Oxide Semiconductor), CdS (Cadmium Sulfide), AGC (Au-
tomatic Gain Control), AD converter, etc. and makes photo-
electric conversion of an optical image received by the image
pickup device and outputs an image signal. When doing so,
the apparatus may perform a variety of camera imaging
operations such as detecting an exposure amount evaluated
value, digital gain processing, calculating a local brightness
across pixels, and noise correction processing and generate an
image signal to be output.

The exposure control unit 706 obtains an exposure amount
evaluated value of image signals which have been output by
the image capturing unit 701 and adjusts exposure appropri-
ately for a scene to be photographed by controlling the iris
diaphragm, shutter timing, analog gain amount of AGC, digi-
tal gain amount, etc. in the image capturing unit 701 so that an
actual exposure amount approximates to a predefined target
exposure amount. Additionally, the exposure control unit 706
obtains a gradation loss evaluated value from the gradation
loss evaluation unit 704. Ifa decision is that exposure control,
as a result, has made gradation loss larger, the exposure con-
trol unit 706 is controlled to stop exposure control even
though an actual exposure amount has not reached the pre-
defined target exposure amount. Accordingly, for example, in
a backlight situation where there is a very large difference in
brightness between backlight and other lights, when the expo-
sure amount is decreased to be suitable for backlight, it would
become possible to prevent that blocked up shadows occur
due to underexposure:

FIG. 8 is a diagram illustrating an example of processing
sequence regarding exposure control in the image capturing
apparatus 10 pertaining to the third embodiment of the
present invention. The exposure control sequence which is
illustrated in FIG. 8 is executed by the exposure control unit
706 depicted in FIG. 7.

The processing sequence regarding exposure control illus-
trated in FIG. 8 starts, triggered by, typically, power on of the
image capturing apparatus 10 (S800). At S801, a comparison
is made between a detected value det_e of exposure amount
and a target value g_e of exposure. In this regard, considering
that there is a variation in detected values det_e of exposure
amount under the influence of noise or the like, hysteresis
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values a,  may be attached to the target value g_e of expo-
sureand g_e+a and g_e—f each may be compared with det_e
to decide which is larger. In consequence, if a decision is that
the detected value det_e of exposure amount is significantly
larger than the target value g_e of exposure, the process goes
to step S802; if a decision is that the detected value det_e of
exposure amount is significantly smaller than the target value
g_e of exposure, the process goes to step S804; and if a
decision is that both are approximately equal, the process
goes to step S806.

At S802, a dark part’s gradation loss evaluated value
N2/N1 is compared with a predefined threshold th_N and it is
decided whether object’s gradation in a dark part is lost. If
N2/N1 is less than th_N, the process goes to step S803; if
N2/N1 is more than th_N; the process goes to step S806. At
S803, a decision is made that the current exposure amount is
larger than the target value, which indicates a brighter condi-
tion than proper exposure and a condition free of blocked up
shadows, and exposure control is exerted to decrease the
exposure amount. At S804, a bright part’s gradation loss
evaluated value M2/M1 is compared with a predefined
threshold th_M and it is decided whether object’s gradation in
a bright part is lost. If M2/M1 is less than th_M, the process
goes to step S805; if M2/M1 is more than th_M, the process
goes to step S806.

At S805, a decision is made that the current exposure
amount is smaller than the target value, which indicates a
darker condition than proper exposure and a condition free of
blown out highlights, and exposure control is exerted to
increase the exposure amount. At S806, a decision is made
that proper exposure has already been reached or further
exposure control will make blocked up shadows or blown out
highlights intense, and exposure control is stopped. Accord-
ingly, by exposure control, it is possible to prevent exposure
from resulting in blocked up shadows or blown out highlights
in advance of their occurrence. If blocked up shadows or
blown out highlights still occur even after this control, proper
correction depending on a degree of the blocked up shadows
or blown out highlights can be executed through processing in
which the image signal correction control unit 705 controls
correction strength of signal level correction by the image
signal correction unit 702.

According to the present embodiment as above, after the
influence of blocked up shadows or blown out highlights is
diminished in advance by exposure control, by controlling the
correction strength depending on whether or not correction is
required due to blocked up shadows and blown out highlights
among others and how much correction is effective, an auto-
matic selection is made of the visibility improving effect for
ascene where a large correction effect is produced and control
with priority given to image quality for other scenes, and an
optimum effect that is more adaptive to scenes can be imple-
mented at low cost. The configuration of the image capturing
apparatus 10 of the present embodiment can be applied to a
variety of types of image capturing equipment, e.g., security
cameras which are installed in diverse facilities, along streets,
among others, in-vehicle cameras, etc.

The present invention is not limited to the embodiments
described hereinbefore and various modifications are
included therein. For example, the foregoing embodiments
are those that have been described in detail to explain the
present invention clearly and the invention is not necessarily
limited to those including all components described. A part of
the configuration of an embodiment can be replaced by the
configuration of another embodiment. The configuration of
another embodiment can be added to the configuration of an
embodiment.
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What is claimed is:

1. An image signal processing apparatus comprising:

an image signal input device to which image signals are
input;

a gradation decrease evaluation device that calculates a
gradation decrease evaluated value for evaluating a
degree of gradation decrease with respect to an object
which is included in the image signals from the image
signal input unit;

a gradation loss evaluation device that calculates a grada-
tion loss evaluated value for evaluating a degree of gra-
dation loss with respect to an object which is included in
the image signals;

an image signal correction device that performs signal
level correction processing on the input image signals
and outputs image signals whose signal levels have been
corrected; and

an image signal correction control device that controls
correction strength of image signal correction process-
ing that is executed by the image signal correction unit,
using both the gradation decrease evaluated value which
is output by the gradation decrease evaluation device
and the gradation loss evaluated value which is output by
the gradation loss evaluation unit,

wherein the image signal correction control device per-
forms control to decrease the correction strength, if hav-
ing determined that the gradation decrease evaluated
value is small, and to decrease the correction strength, if
having determined that the gradation loss evaluated
value is large.

2. The image signal processing apparatus according to

claim 1,

wherein the gradation decrease evaluation device makes
the gradation decrease evaluated value larger, if having
determined that a great number of pixels are included
within a predefined luminance range in the image sig-
nals.

3. The image signal processing apparatus according to

claim 2,

wherein the gradation loss evaluation device makes the
gradation loss evaluated value larger, if having deter-
mined that there is a large bias of luminance within the
predefined range of luminance in the image signals.

4. The image signal processing apparatus according to

claim 1,

wherein the image signal correction device estimates
brightness of an object including pixels of interest in
terms of at least two or more distinct levels of tone based
on brightness information extracted from the image sig-
nals and performs signal level correction processing
with one of different input-output characteristics appro-
priate for each level;

the gradation decrease evaluation device and the gradation
loss evaluation device evaluate, respectively, a degree of
gradation decrease and a degree of gradation loss of an
object in luminance ranges corresponding to the distinct
levels of brightness; and

the image signal correction control device controls correc-
tion strength of the signal level correction processing for
each of the distinct levels of brightness of an object,
using the gradation decrease evaluated value and the
gradation loss evaluated value each of in the correspond-
ing luminance ranges.

5. The image signal processing apparatus according to

claim 1,

wherein the gradation decrease evaluation device makes
the gradation decrease evaluated value larger, if having
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determined that there is only a small difference between
maximum and minimum values of object’s luminance in
the image signals.

6. The image signal processing apparatus according to

5 claim 5,
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wherein the gradation loss evaluation device makes the
gradation loss evaluated value larger, if having deter-
mined that there is a large bias of luminance between
maximum and minimum values of the object’s lumi-
nance in the image signals.

7. The image signal processing apparatus according to

claim 1,

wherein the image signal correction device performs signal
level correction processing with different input-output
characteristics for different image areas which are
included in the image signals;

the gradation decrease evaluation device and the gradation
loss evaluation device evaluate, respectively, a degree of
gradation decrease and a degree of gradation loss in
substantially the same areas for which the signal level
correction processing is performed; and

the image signal correction control device controls correc-
tion strength of the signal level correction processing for
each of the image areas, using the gradation decrease
evaluated value and the gradation loss evaluated value
calculated for each of the corresponding image areas.

8. An image capturing apparatus comprising:

an image capturing device that captures an image and
generates and outputs image signals;

a gradation decrease evaluation device that calculates a
gradation decrease evaluated value for evaluating a
degree of gradation decrease with respect to an object
which is included in the image signals;

a gradation loss evaluation device that calculates a grada-
tion loss evaluated value for evaluating a degree of gra-
dation loss with respect to an object which is included in
the image signals;

an image signal correction device that performs signal
level correction processing on the input image signals
and outputs image signals whose levels have been cor-
rected;

an image signal correction control device that controls
correction strength of image signal correction process-
ing that is executed by the image signal correction unit,
using both the gradation decrease evaluated value which
is output by the gradation decrease evaluation device
and the gradation loss evaluated value which is output by
the gradation loss evaluation unit; and

an exposure control device that controls exposure of the
image capturing unit, based on an exposure amount
determined according to the image signals and the gra-
dation loss evaluated value,

wherein the image signal correction control device per-
forms control to decrease the correction strength, if hav-
ing determined that the gradation decrease evaluated
value is small, and to decrease the correction strength, if
having determined that the gradation loss evaluated
value is large.

9. The image capturing apparatus according to claim 8,

wherein the exposure control device prevents exposure
control from further decreasing the exposure amount, if
having determined that a gradation loss evaluated value
for a dark part which is included in the image signals is
larger than a predefined threshold.

10. The image capturing apparatus according to claim 8,

wherein the exposure control device prevents exposure
control from further increasing the exposure amount, if
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having determined that a gradation loss evaluated value
for a bright part which is included in the image signals is
larger than a predefined threshold.

11. An image signal processing method comprising:

receiving image signals; 5

calculating a gradation decrease evaluated value for evalu-
ating a degree of gradation decrease with respect to an
object which is included in the received image signals;

calculating a gradation loss evaluated value for evaluating
adegree of gradation loss with respect to an object which 10
is included in the image signals;

controlling correction strength of image signal correction
processing that is executed on the image signals so as to
decrease the correction strength, if having determined
that the gradation decrease evaluated value is small, and 15
decrease the correction strength, if having determined
that the gradation loss evaluated value is large; and

executing correction processing on the image signals,
applying the thus controlled correction strength.

#* #* #* #* #* 20

18



